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(57) Abstract 



Particles, espedally- colloidal particles, comprising an interior phase of a non-lamellar reversed cubic, intermediate or hex- 
agonal liquid crystalline phase, or a homogeneous L3 phase, and a surface phase of a lamellar crystaUine or liquid crystalline 
phas^ or an L3 phase. A metiiod of preparing such particles by creating a local dispersible phase, within the homogeneous 
phase, preferably by means of a fragmentation agent, and fragmentating the homogeneous phase so as to form said surface 
phase. Several medical as well as non-^medical uses of the particles referred to, e.g. as an antigen-presenting system, as a delivery 
system for anticancer, antifungal and antimicrobial drugs, and as carriers of nucleic adds or nucleotides. 
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TITLE 

PARTICLES, METHOD OF PItEPARING SAID PARTICLES ANt) USES 
THEREOF 
5 ' 

1. Field of the invention 

The present invention relates to the field of 
ainphiphilic- solvent based systems and more specifically to 
the fragmentation of such systems by means of a novel 

10 method. Thus, by means of said novel method systems, which 
are otherwise homogeneous and in equilibrum^ can be 
fragmented into small particles, especially colloidal 
particles . These new particles are extremely well suited 
as e.g^ drug deliveiry particles or systems, but are also 

15 useful for several other medical as well as non-medical 
applications* Thus, the invention also encompasses said 
new particles as well as valuable uses thereof . 

2. Background of the invention 

20 The use of reversed cubic and liquid crystalline 

phases in the field of controlled release devices is 
described in EPO 125 751 (Engstrom et al 1983). However, 
there are many applications where the use of a homogeneous 
phase is not manageable. By the present invention it has 

25 become possible to prepare particles, especially colloidal 
particles, of such phases or similar phases, viz by means 
of a new fragmentation technique* The importance of said 
new technique, and the new particles obtained thereby, can 
be better understood from the following brief review of 

30 the prior art concerning other types of particles and 
homogeneous phases. 

2.1. Dispersed lipid-based systems in pharmaceutical 
preparations, 

35 Essentially, there have to date been three major par- 

ticulate colloidal lipid-water systems which have been 
considered as suitable for drug delivery, namely such 
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based on the lamellar mesophase as liposomes, micellar- 
-based phases including micelles, reversed micelles, and 
mixed micelles and various kinds of emulsions including 
microemulsions, as well as more novel carriers as ISCOM's 
5 (Morein 1988) (a general text concerning these systems is 
Pharmaceutical dosage forms. Disperse systems 1988). The 
latter system has been utilized for intravenous nutrition 
since the beginning of this century and as an adjuvant 
system known as the Freunds adjuvant. These are of oil-in- 

10 -water (0/W) and water-in-oil (W/0) types, respectively. 
Liposomes have since their discovery been extensively 
investigated as drug delivery systems for various routes 
and drugs. The development of new colloidal drug carrier 
systems is a research area of Intensive activity and it is 

15 likely that new systems, especially new emulsion based 

systems, will appear in the near future (cf . Weiner 1990a, 
1990b). Lipid-based vehicles can take several different 
morphological forms such as normal and reversed micelles, 
microemulsions, liposomes including variants as unilamel- 

20 lar, multilamellar, etc. , emulsions including various ty- 
pes as oil-in-water, water-in-oil, multiple emulsions, 
etc., suspensions, and solid crystalline. In addition so 
called niosomes formed from nonionic surfactants have been 
investigated as a drug vehicle. The use of these vehicles 

25 in the field of drug delivery and biotechnology is well 
documented (Mulley 1974, Davis et al. 1983, Gregoriadis 
1988a, Lieberraann et al 1989). Particularly in the field 
of drug delivery the use of lipid-based drug delivery sys- 
tems, especially dispersed systems, has attained increas- 

30 ing interest as the pharmaceutical industry is developing 
more potent and specific - and thus more (cyto) toxic - 
drugs. This is because the vehicle can in principle reduce 
such toxic effects and/or side-effects, due to sustained 
release or increased site- specificity. The current inven- 

35 tion is easily distinguished from these earlier lipid- 
-water based systems, as follows: 
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The terra liposomes is conceptually wrong in view of 
the current knowledge of polymorphism of lipids. Liposome 
means "lipid body" and has by many authorities in the 
field been defined as any structure with an enclosed vo- 
5 Ixune that is composed of lipid bilayers (see eg- Tice and 
Tabibi 1992). This is not only very misleading but also 
conceptually wrong. Such a definition means that any dis- 
persed lipid based structure built up by a bilayer should 
fall into this category of device without regarding the 

10 different crystallographic aspect of the undispersed, 

homogeneous, phase from which the particulate vehicle is 
derived. It would; however, not include dispersions in 
which the interior of the particles is made up by reversed 
hexagonal phases, since they are built up by a monolayer, 

15 rather than a bilayer. Unfortunately, the concepts of 
lipid polymorphism and in particular the more complex 
structures of cubic liquid crystalline phases are often 
overlooked. Since the current disclosure is in the field 
of lipid-based vehicles, in which various reversed lyotro- 

20 pic liquid crystalline phases are enclosed in a volume 

whose boundary is made up by L3 phase or lamellar crystal- 
line phase or lamellar liquid crystalline phase, or a com- 
bination thereof, it should be stressed that the current 
invention encloses either lipid bilayer or monolayer 

25 structures different, from the lamellar phase. The ordered 
interior of each particle in the current invention is a 
portion of a lipid-water micros tructured phase that is a 
thermodynamically stable phase, either a cubic, hexagonal, 
intermediate phase or an L3 phase. The L3 phase is not 

30 classified as a liquid crystalline phase, as the others, 
rather it is an isotropic solution phase, using the stan- 
dard nomenclature in the literature of amphiphile micro- 
structures. The physical properties of the homogeneous re- 
versed liquid crystalline phases used in the currect dis- 

35 closure are those presented in the patent by Engstrom et 
al. (1983) referred to. In the cases where a cubic phase 
constitutes the interior of the particles it is built up 
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by a bi- or multicontinuous interpenetrating network mic- 
rostructure, at the scale of nanometers. This makes these 
phases unique with regard to compartmentalization since 
the two independent interpenetrating networks separated by 
5 the bilayer can be distinguished, and endows them with ex- 
tremely high specific surface area, which is especially 
important in the formulation of araphiphilic drugs that 
straddle hydrophobic and hydrophilic microdomains. 

The current invention is thus easily and sharply dis- 

10 tinguished from both liposomes, emulsions, microemulsions, 
as well as various microencapsulated emulsions, hydrogels, 
and reversed micelles. Most obviously, the enterior 
phase(s) of the current particles is (are) a thermodynamic 
equilibrium phase, and thus appears as a discrete region 

15 in a phase diagram which obeys the phase rule of Gibb 's 
and other laws of chemical and thermodynamical equilibria; 
this is in sharp contrast with liposomes and emulsions, 
which are non-equilibrium states or morphologies. [Note 
that we are using the convention of referring to equilib- 

20 rium structures as "phases" and non-equilibrium structures 
as "states"]. In the case of emulsions the interior is 
also thermodynamical stable, but it is an interior which 
lacks long-range order, and is not composed of either li- 
pid bilayers or lipid monolayers, or analogous structural 

25 elements. This is a clear distinction, which is directly 
accessible to experiment, since the interior phase used in 
the current particles give rise to Bragg peaks on examina- 
tion with small-angle X-ray (or neutron) scattering tech- 
niques, in accordance with its lattice ordering; thus the 

30 Bragg peaks recorded can be indexed to e.g. a simple 
cubic, body-centered cubic, or face-centered cubic lat- 
tice, hexagonal lattice, or tetragonal lattice in the case 
the interior is made up by a cubic phase, a hexagonal 
phase or intermediate tetragonal phase, respectively. In 

35 contrast, no case has ever been reported in which multiple 
Bragg peaks, indexing to any of these lattices, were re- 
corded in a small-angle scattering experiment on a liposo- 
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mal dispersion or an emulsion. Clearly, the surface of the 
current particles can in practice give rise to diffraction 
indexing on a lamellar lattice. In the case of microemul- 
sions and reversed micellar phase, both lacking long range 
5 order, they are clearly distinguished from the .L3 phases 
in the current surfactant literature. 

The distinctions between the current invention on the 
one hand,, and the liposomal dispersions and emulsions on 
the other, then follow directly from the above distinc- 

10 tions, and it is only in the case of the reversed liquid 
crystalline phase dispersions disclosed herein the inte- 
riors of the particles are substantially composed of 
regions of reversed liquid crystalline phase{s). 

In the case of dispersions of L3 phases, the inte- 

15 riors of the particles are not composed of liquid crystal- 
line material but qf the to the cubic phases closely, re- 
lated L3 phases. The L3 phases are thermodynamic equili- 
brium phases, distinguishing them from liposomes and emul- 
sions, as in the case of cubic phases. The lipid film forms 

20 a highly connected bilayer as in the cubic phase, again in 
contrast with the liposomes and emulsions. . However, in 
this case scattering experiments do not reveal long-range 
order as in the cubic phase. 

Of special importance in formulations, used either 

25 for drug delivery or for biological or bibtechnological 
applications, is the position and orientation of the 
compoiind with respect to the bilayer. In the current in- 
vention specific orientation may be readily achieved in 
the case the interior is composed of cubic phase, for 

30 which it is an inherent property, as opposed to liposomal- 
bilyaers. This substantially simplifies the process of 
standardizing enzyme activity in the fommulation* Such, 
selectivity in membrane topography is not easily estab- 
lished in other lipid-based systems such as liposomes and 

35 emulsions. There are several other areas of interest where 
the presented topography of the compound is of profound 
ii^ortance, as with antigen presentation in immunization 
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processes. The current Invention can accomplish the 
optimization of this presentation for both extracellular 
and intracellular targets. 

5 2.2. Homogeneous liquid crystalline phases in pharmaceu- 
tical preparations 

Liquid crystals do participate in the microstructure 
of pharmaceutical preparations, and probably do so more 
frequently than is usually expected. The use of homoge- 

10 neous reversed cubic and hexagonal phases as a controlled 
release system for use in e.g. drug delivery systems was 
invented by EngstrSm, Larsson, and Lindman in Lund, 
Sweden, who are holders of a current patent (EngstrOm et 
al. 1983, see also Ericsson et al 1991, and references 

15 therein). Dr. D. Attwood and coworkers in Manchester, UK, 
have also investigated the use of cubic phases for the 
purpose of drug delivery (cf. Burrows et al 1990). 

Cf - also Mueller-Goymann and collaborators {Mueller- 
-Gc^ann 1985, Mueller-Goymann 1987, Mueller-Goymann 1989 

20 and references within these works). Other contributions 
occur in the literature (cf. Ibrahim 1989, Tyle 1990) and 
are not restricted to lyotropic liquid crystals (Loth and 
Euschen 1990). 

25 2-3. Dispersed reversed cubic liquid crystalline phases 
There have been speculations of the existence of 
dispersed cubic liquid crystalline phases in connection 
with fat digestion (cf . Lindstrom et al 1981) and recently 
Larsson (1989) suggested a structure of such cubic phase 

30 dispersions; in these, the surface layer was proposed to 
be a lamellar phase, which immediately distinguishes such 
dispersions from the paarticles whose surface phase is L3 
phase disclosed herein - the particles in this embodiment 
of the present invention are isotropic throughout, whereas 

35 those discussed by Larsson (1989) contain anisotropic, 
birefringent regions which are easily detected in the 
polarizing microscope. The only exception is particles. 
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described in the present disclosure, which are surrounded 
by a lipid structure which is crystalline, not liquid 
crystalline as in the lamellar phase. Regarding the case 
of dispersions of reversed liquid crystalline phases by 
5 the use of a lamellar liquid crystalline phase as a dis- 
persable phase the novel fragmentation technique according 
to the invention can be used. 

2.4. Phase behavior in lipid-water based systems and the 

10 determination of cubic phases 

A "lipid" is, in a broad view, defined as any mole- 
cule containing a substantial part of hydrocarbon. How- 
ever, only those lipids that contain a hydrophilic polar 
part can give rise to liquid crystals by interactions with 

15 water* The basis for lipid lyotropic (and thermotropic ) 
mesomorphism, and the formation of lipid assemblies, is 
the duality in solubility resulting from the presence of 
apolar (hydrophobic) and polar (generally hydrophilic) 
regions of the surfactant molecule - that is, its amphi- 

20 philicity ( or amphipaticity ) . Amphiphilic lipids can be 

classified according to their interactions .with water into 
nonpolar and polar (Small 1986). Where applicable within 
this disclosure we are concerned with lipids or lipid-^like 
amphiphiles that exhibit mesomorphism and are thus classi- 

25 fied as polar, insoliible and swelling amphiphiles • If 

nothing else is said we use the terminology introduced by 
Luzzati and associates (see Mariani et al. 1988, and ref . 
therein) . 

The principal techniques for studying the different 
30 phase structures are polarizing microscopy>. X-ray diffrac- 
tion, nuclear magnetic resonance (NMR) spectroscopy and 
electron microscopy techniques. Other techniques, as dif- 
ferential scanning caloriraetry (DSC) and rheology can be 
used to give complementary information^ Unambiguously 
35 phase determinations of the phases constituting the inte- 
rior as well as the exterior is a prerequisite in order to 
classify dispersions according to the current invention. 
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Preliminary phase behavior is usually carried out by tex- 
ture analysis between crossed polarizers and more detailed 
in a polarizing microscope (Rosevear 1968). X-ray diffrac- 
tion techniques are the obvious methods to deduce the sym- 
5 metry of liquid crystals. The characterization of lipid 
mesophases by diffraction (Luzzati 1968) is based firstly 
on symmetry and the interpretation is normally based on 
treating the diffraction photographs as powder patterns. 
The long-range order of the assemblies in either one, two, 
10 or three dimensions, give rise to reflections which are 
converted to interplanar spacings. It is only with X-ray 
diffraction studies phase assignments can be regarded as 
xuiambiguous. 

15 2.4.1. Phase diagrams in lipid-water systems 

Fontell (1990) gives a comprehensive and systematic 
reveiw on cubic phase forming lipids and lipid-like sur- 
factants and the occurrence of the cubic phases in the 
phase diagram and their relation to other phases. The in- 

20 formation obtained from the structure of the neighboring 
phases can often be valuable for the identification of a 
cubic phase. The fact that a mesophase, such as the cubic 
or hexagonal phase, is in equilibrium with excess of 
water, is itself a strong indication that the structure is 

25 of the reversed, type II topology. 

In the context of tliis invention, two examples of 
lipid-water based systems have been investigated with the 
objective of mapping the underlying phase behavior so as 
to understand and develop the techniques disclosed herein 

30 regarding the fragmentation process: Commercially availab- 
le products have been used throughout this study, and it 
is important to note that these are generally not single- 
-component products. We first discuss the binary phase 
diagram of the glycerol monooleate (GMO) -water system. The 

35 GMO has been obtained through molecular distillation of 
pine-needle oil (Grinsted, D-mark), and has a monogly- 
ceride content of > 98%, of which 92.3% is monoolein (MO) 
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(MO refers to the pure monoolein, while GMO refers to a 
monoolein rich monoglyceride blend). Many phase diagrams 
have been reported involving cubic phases of inonoglyce- 
rides (Lutton (1965), Larsson et al. 1978, Krog and 
5 Larsson 1983, Larsson 1989, Krog 1990), In addition to the 
pure lipids monoolein, monoelaidin, monolinolein, mono- 
arachidin, and monolinolein (Lutton 1965, Larsson et al. 
1978, Hyde et al. 1984, Caffrey 1989), several blend 
qualities of monoacylglycerides are well characterized and 

10 known to form cubic phases in equilibrium with water 

(Larsson and Krog 1983, Krog 1990). Significantly, these 
blends are available at low production costs, typically 
less than $2 per pound. 

Monoacylglycerides are often used in cosmetic pro- 

15 ducts (Cosmetic Ingredient Review expert panel 1986), food 
industry (Krogh 1990) and pharmaceutics (Martindale the 
extra pharmacopoeia 1982), and are generally recognized as 
safe (GRAS) substances and as indirect food additives for 
human consumption without restrictions as to their concen- 

20 trations. Federal regulations allow the use of monoglyce- 
rides, blends thereof, and blends of .mono- and diglyce- 
rides as prior-sanctioned food ingredients and as both 
indirect and direct food additives. Furthermore, the meta- 
bolic fate of monoglycerides (and glycerides in general) 

25 is well documented in the human body. In the cosmetic 
industiry monoglycerides and blends thereof, especially 
monoolein, are used as emulsifiers and thickening agents 
and recognized as safe cosmetic ingredients at concentra- 
tions up to 5% (Cosmetic Ingredient Review expert panel 

30 1986). 

The fact that there exists cubic phases in equilib- 
rium with excess of water in the above mentioned monogly- 
eeride systems is a strong indication that the cubic phase 
is of the reversed, type II topology- This has been veri- 
35 fied by self -diffusion NMR (Lindblom et al. 1979). It 
should be pointed out that several systems which form 
cid^ic phases of the reversed type exhibit cubic mesomor- 
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phlsm, i-e, the appearance of a sequence of distinguish- 
able cubic phases with different physical appearance, as 
well as exhibiting different lattice characteristics. The 
phase behavior of the present GMO-water system was found 
5 to be very similar to that of MO-water reported by Hyde et 
al. (1984) (Engstram and EngstrSra 1992). The Q was 
found to be the cubic phase which coexists with excess of 
water - 

The second lipid-water system used is the ternary 
10 system of GMO-soybean lecithin (SPC) -water. SPC is a pure 
phosphatidylcholine with the trade name Epikuron 200 which 
is well-characterized (Bergenstahl and Fontell 1983). It 
shares the general featixres of the phase diagram for MO- 
dioleoyl phosphatidylcholine-heavy water system reported 
15 by Gutman et al (1984). The existence of three cubic 

phases within the cubic region is experimentally verified 
by X-ray diffraction, as was the coexistence of cubic 
phases with excess of water. 

20 2.4.2. Phase behavior and phase diagrams in lipid-protein- 
-water systems 

The phase properties in lipid-protein-water mix- 
tures is a relatively unexplored area of research. Most of 
the studies have been reported by the groups of Gulik- 

25 Krzywicki, Luzzati and colleagues (cf. Mariani et al. 

1988, Gulik-Krzywicki 1975), by De Kruijff and coworkers 
(cf. Killian and De Kruijff 1986) and by Larsson and co- 
workers (cf. Ericsson et al. 1983, Ericsson 1986). Most 
studies address the behavior in diluted systems and often 

30 deal with the stability of the lamellar phase vs. the 
reversed hexagonal phase. The induction of non-lamellar 
phases is well established for quite many systems. Some 
works address the phase properties vs. the activity of 
membrane bound enzymes, and it has been possible in some 

35 works to establish a correlation between an increased 
enzyme activity and isotropic movement of the lipid 
matrix. In the field of enzyme catalysis in microemul- 
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sions, some studies deal with the phase behavior; however, 
^ few works present phase diagrams. 

That the cubic phases in the monoolein (MO) -water 
system could host quite large amounts of various substan- 
5 ces, included proteins, had been known for many years (cf . 
Lindblom et al. 1979). The phase diagram of MO-lysozyme- 
-water displays the general features of MO-protein-water 
systems, in cases where the protein is located in the 
agueous labyrinths of the cubic phase (Ericsson et al. 
10 1983). Ericsson (1986) reported a considerable number of 
proteins which can be incorporated within the MO -water 
cubic phase* 

The second system which has been investigated in 
considerable detail is the MO-cytochrome c-water system 

15 reported by Luzzati and coworkers (Mariani et al- 1988), 
and it exhibits the general features found in the MO-lyso- 
zyme-water system. However, it also shows some features 
which necessary must arise from the protein; noteworthy is 
the existence of a chiral, non-centrosymmetric cubic 

20 phase, with, space group 212. These aqueous MO-protein 

systems all exhibit at least one cubic phase which fulfils 
the criteria for constituting the interior phase of the 
particles according to the present invention. 

25 2.5 Structure of the interior phases 

The interior of the particles according to the inven- 
tion consists of reversed lyotropic liquid crystalline 
phases, chosen from the group of reversed cubic liquid 
carystalline phases, reversed intermediate liquid crystal- 

30 line phase, and reversed hexagonal liquid crystalline 

* phase, or L3 phase, or a combination thereof. These phases 
are all well characterized and well established in the 

* field of polymorphism of lipids and surfactants. 



35 
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2.5.1. Structure of the cubic and hexagonal phases 
Several reviews are available where cubic phases 

are discussed? see e.g. Luzzati (1968), Fontell (1974, 
1978, 1981), Ekwall (1975), Tiddy (1980) and Luzzati et 
5 al. (1986). In recent years several surveys devoted to 
cubic phases have appeared. Luzzati and associates 
(Mariani et al. 1988) (see also Luzzati et al. 1987) give 
a detailed crystallographic description of the current 
situation with regard to the structure of the six cubic 

10 phases observed so far. Lindblom and Rilfors (1988) have 
reviewed the occurrence and biological implications of 
cubic phases formed by membrane lipids, and Larsson (1989) 
has reviewed the latest developments in the study of cubic 
lipid-water phases. A comprehensive review of the occur- 

15 rence of cubic phases in literature phase diagrams was 
recently presented by Fontell (1990). 

A general classification of the cubic phases is still 
not available. However, in the case of bilayer-biconti- 
nuous cubic phases in binary systems they can be classi- 

20 fied according to their interfacial mean curvature as 

"normal" (type I) or reversed (type II) cubic phases. Type 
I cubic phases are those whose mean curvature at the 
apolar/polar interface is toward the apolar regions. 
Ckjntrarily, type II or reversed cubic phases are those 

25 whose interface is towards the polar regions. In connec- 
tion with the invention we are only concerned with cubic 
phases of type II, i.e. reversed. 

Regarding the structure of the hexagonal phase it 
consists of hexagonally arranged rods of water (solvent) 

30 surrounded by a monolayer of amphiphile (see e.g. Seddon 
1990, for a review). 

2.5.2. Structxire of the L3 phase 

The raicrostructxires of the L3 phases referred to 
35 are similar to those frequently found in surfactant-water 
systems (Benton et al. 1983, Porte et al. 1988, Gazeau et 
al- 1989, Anderson et al. 1989, Strey et al. 1990a, Strey 
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et al, 1990b, Milner et al. 1990). The acquiescent L3 
phase is isotropic • However, one striking and characteris- 
tic feature is that it shows extended flow birefringence. 
Other characteristics include long equilibration times 
5 and^ at least relative to the amphiphile concentration, 
- high viscosity* The structure is generally believed to be 
built up of multiply-connected bilayer forming a bicon- 
tinuous structure of high connectivity, and it may be 
regarded as a disordered counterpart to the cubic phases 
10 (Anderson et al. 1989), possessing similar topological 
connectivity and a local bilayer structure, but lacking 
long-range order, 

2.6. Structure of the surface or dispersable phases 
15 The structure of the L3 phase when used as the dis- 

persable or fragmenting phase is exactly as described in 
2.5.2. It should be pointed out that one bilayer of an L3 
phase can not readily be distinguished from a lamella of a 
diluted lamellar phase. Similarly, it has been pointed out 
20 that the Ii3 phase may in certain systems exhibit metasta- 
bility (Dubois and Zemb 1991) in which a transformation of 
the L3 phase to a lamellar phase was observed after 3 
weeks of equilibration time. The lamellar structures, in- 
cluding lamellar phases with: disordered chains, untilted 
25 ordered or gel, and tilted gel, used as the dispersable 
phases are described by Luzzati (1968). 

3. Disclosure of the invention 

The present invention relates to new particles, espe- 
30 cially colloidal particles, made from reversed cubic, he- 
xagonal or intermediate phases, or L3 phases, or mixtures 
thereof, by fragmentation of the corresponding homogeneous 
structure. Fragmentation can be achieved through several 
processes described below. The resulting particles are 
35 thus composed of an interior amphiphilic-based phase sur- 
rounded by a surface phase anchored to the bi- or mono- 
layer of the interior phase. The properties of the surface 
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phase is sucti that it can easily be dispersed. 

Thus, the present invention is in the field of lipid- 
-based dispersed vehicles representing novel drug delivery 
systems. The invention is nonetheless sharply distinguish- 
ed from liposomes and emulsions, and similar particulate 
vehicles as well as from the techniques used for the pre- 
paration of such lipid-based particulate systems. The 
class of delivery vehicles claimed comprises particles 
whose interiors are substantially composed of lyotropic 
liquid crystalline phases of bilayer or monolayer type, or 
the closely related L3 phases which lack long-range super- 
molecular order; the reversed lyotropic liquid crystalline 
phases can be chosen from the group consisting of the 
cubic phase, the hexagonal phase, and the intermediate 
15 phase, or a combination thereof, using the nomenclature in 
the current surfactant literature. These liquid crystals 
are thermodynamic equilibrium phases, in contrast with li- 
posomes and emulsions which are metastable. With the in- 
terior of the current particles being liquid crystals, 
20 they exhibit Bragg peaks in small-angle X-ray scattering 
(SAXS) experiments, as opposed to liposomes and emulsions 
which do not possess long-range crystallographic order on 
the microstructural length scale, namely lattice parame- 
ters in the range of nanometers or more. Dispersions of 
25 the liquid crystals loaded with an active compound can be 
conveniently prepared by fragmentation of the homogeneous 
liquid crystal. A variety of techniquies disclosed herein 
can be used for the fragmentation process, creating dif- 
ferent surface properties of the particles, depending on 
30 the choice of dispersable phase and its con^osition. The 
fragmentation can be spontaneous or aided by standard 
homogenizing means such as valve homogenizers . The disper- 
sions can display long-term stability. 

More specifically the new particles according to the 
35 invention comprise an interior phase of a non-lamellar 

lyotropic liquid crystalline phase selected from the group 
consisting of a reversed cubic liquid crystalline phase, a 
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reversed intermediate liquid crystalline phase and a 
reversed hexagonal liquid crystalline phase, or a 
homogeneous L3 phase, or any combination thereof, and a 
surface phase selected from the group consisting of a 
5 lamellar crystalline phase and a lamellar liquid crystal- 
line phase, or an L3 phase, or any combination thereof. 

Thus, the invention makes use of non-lamellar, but 
equilibrium, reversed lyotropic liquid crystalline phases 
that occur in many lipid-water and other amphiphile-sol- 

10 vent based systems. The following terminology is used: The 
particles whose inner is made up by non-lammelar phases, 
the interior phase, are prepared by a novel fragmentation 
procedure which makes use of the introduction of discli- 
nations/defects in the interior phase by the local forma- 

15 tion of a dispersable phase such as the L3 phase, lamellar 
liquid crystalline phase, or lamellar crystalline phase, 
or a combination thereof. The so formed disclinations, 
whose boundaries make up the dispersable phase referred to 
as the surface phase of the particles, in turn constitute 

20 the boundary of a fragment of the interior phase of the 

particles. The fragmentation procedure takes place in such 
a way that it guarantees the coexistence of the phase 
making up the interior, the phase making up the surface, 
and the solvent-rich solution phase. The latter is most 

25 often rich in water, or any other polar solvent, or sol- 
vent in which the interior phase(s) of the particles 
is (are) formed, A three phase region can hence be deter- 
mined as the region of which these phases coexist and in 
which the interior phase is fragmented according to above. 

30 The particle size can thus be varied to a certain extent 
since the amount of dispersable phase will determine the 
maximxim sum of surface area of the particles. The inven- 
tion makes use of phases constituting the interior phase 
chosen from the group of reversed cubic liquid crystalline 

35 phases, reversed hexagonal liquid crystalline phase, and 
reversed intermediate liquid crystalline phase, or a 
combination thereof, or an L3 phase. It is in fact a 
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prerequisite that when the interior phase is a liquid 
crystalline phase it is of reversed type since it must be 
able to coexist with the solvent-rich phase. 

More specifically the method according to the 
invention comprises forming a homogeneous, non-lamellar 
lyotropic liquid crystalline phase selected from the group 
consisting of a reversed cubic liquid crystalline phase, a 
reversed intermediate liquid crystalline phase and a 
reversed hexagonal liquid crystalline phase, or a 
homogeneous L3 phase, or any combination thereof, creating 
a local dispersible phase, within said homogeneous phase, 
of a phase selected from the group consisting of a lamel- 
lar crystalline phase and a lamellar liquid crystalline 
phase, or an L3 phase, or any combination thereof, in the 
15 presence of a solvent phase, said solvent being of a 

nature with which said homogeneous phase can coexist and 
wherein said dispersible phase can be dispersed, and 
fragmentating said homogeneous phase so as to form 
particles, the interior phase of which comprises said 
homogeneous phase and the surface phase of which comprises 
said dispersible phase. 

Generally, a fragmentation agent is used to establish 
the final appearance of the interior phase as well as the 
surface phase, even though it may only be a change in 
lattice parameter of the interior phase, or the establish- 
ment of a new interior phase not present in the system 
lacking the fragmentation agent. 

The structure of the surface phase can vary depending 
on the preparation of the particles to be either diluted 
30 lamellae (lamellar liquid crystalline phase), lamellar 
crystalline phase, or an L3 phase. The colloidal frag- 
mented L3 phase particles are made from cubic phases 
through lyotropic phase transformation of the dispersed 
cubic phase. Alternative formulations resulting in sub- 
35 stantially the same final microstructure for the disper- 
sion fall within the scope of this invention. 



20 



25 
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Especially preferable embodiments of the particles as 
well as the method according to the invention show those 
characteristic features which are claimed in the 
accompanying claims. These embodiments as well as other 
5 embodiments of the invention will now be described more in 
detail . 

3*1. Dispersions of reversed liquid crystalline phases 
A convenient starting point for the formation of 

10 ctibic phase dispersions is a cubic phase that can be in 
thermodynamic equilibrium with excess of water or aqueous 
(molecular or dilute micellar-like) solution. We describe 
only the invention exemplified in detail with the case of 
cubic phase interior, since exactly the same procedure can 

15 be applied to sytems possessing a reversed hexagonal or 
intermediate phase in excess of water. Several systems in 
which a cubic phase coexists with a vesry diluted aqueous 
solution have been described in the literature (for a re- 
view, see Fontell 1990), all of which can in principle be 

20 applied to the current invention. Many monoacylglyceride- 
-water systems possess this feature (see 2*4.) and are 
suitable to exemplify the invention. 

MO may be considered as a fusogenic lipid and can 
generally not be regarded as blood compatible, at least 

25 not as a monomer or as assembled in the cubic phase. How- 
ever, the particles claimed are blood compatible (with the 
exception of the dispersion with a crystalline outer pali- 
sade, discussed below) as indicated by the lack of lysis 
products after incubation with red blood cells for 1 hr. 

30 This may be attributed to the very hydrophilic palisade 
layer constituted by the surface phase, surrounding the 
particles . The surface phase can conveniently be chosen to 
be composed of polyethylenoxide units or glyco- moieties, 
or a mixture of these. In these cases, the palisade to 

35 some extent mimics the glycocalyx of blood cells. The 
chemical constituents of the cubic phase can further be 
varied by exchanging the raonoglycerides by phospholipids 
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such as soybean lecithin, egg yolk lecithin, pure phos- 
pholipids as dioleoylphosphatidylcholine, and diglyce- 
rides. By such means, the molecular constituents of the 
bilayer structure can be systematically varied so as to 
5 achieve the desired properties as described in detail 
below. 

Solubilized (active) component(s) also play a role in 
the final properties of the formulation, especially if 
large amounts of active substance are incorporated. To 

10 date, every compound which has been solubilized in the 
aqueous networks of a reversed cubic phase has been found 
to increase in solubility in comparison with that in 
aqueous solution. This has been found to be particularly 
pronounced in cases where the amphiphilic character of the 

15 compound calls for the unique, amphiphilic compartmenta- 
lization afforded by the cubic phase, so that both solubi- 
lity and stability are increased in the cubic phase. Such 
compounds are e.g. global proteins and glycoproteins, 
polynucleotides and highly reactive lipids as prosta- 

20 glandins and their derivatives as thromboxanes. We strong- 
ly emphasize that the current invention is applicable to 
any reversed liquid crystalline phase defined as the 
interior, and to any of the defined surface phases, and 
their coexistence in any type of solvent-rich media 

25 (solution phase) regardless of their molecular composi- 
tion. The formulation of different molecules in the 
reversed liquid crystalline cubic and hexagonal phases is 
described by Engstrom et al. (1983). 

Reversed cubic liquid crystalline phases can general- 

30 ly be fragmented by one of the following procedures a) - 
d): 

a) Add, to the equilibrated homogeneous cubic or inter- 
raediatl phase, an aqueous solution, not necessarily any 
molecular solution, of one or more amphiphilic block co- 
35 polymers where the hydrophilic lipophilic balance (HLB) of 
the block copolymer is higher than 15. Subsequent stirring 
with the appropriate equipment results in a coarse disper- 
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sion of fragmented cubic phase which can be atf tertreated 
as described below. Fragmentation agents belonging to this 
group are certain poloxamers, such as poloxamer 407 and 
poloxamer 188 (Lundsted and Schmolka 1976a, i\mdsted and 
5 Schmolka 1976b, Schmolka 1969) and certain amphiphilic 
proteins, such as casein. 

Examples of other surface active polymers that can 
. potentially be used as fragmentation or stabilization 
agents, either alone or in mixtures with the above, are 
10 glycoproteins as mucins and polysaccharides as alginate, 
propylene glycol alginate, gum arabic, xanthan, carra- 
genan, polyvinylpyrrolidone (PVP) and carboxymethyl- 
cellulose. 

b) Add, to the equilibrated homogeneous reversed liquid 
15 crystalline phase, an aqueous dispersion of a mixture of 

one or more amphiphilic block copolymers, such as in pro- 
cedure b), and lipids, such as phospholipids, preferably 
such mixtures of phospholipids. The ratio of lipid to 
polymer should not be greater than required to maintain or 
20 establish the liquid crystalline phase constituting the 
- interior according to above. 

c) Fragment the homogeneous cubic phase by means of ultra- 
sonic devices under controlled conditions in a solution of 
amphiphilic substance( s), again generally of HLB 15 or 

25 more. Procedure c) can also be used in conjunction with 
procedures a) and b) to shorten processing times. 

d) Co-equilibrate the starting material, at elevated tem- 
perature, with an amphiphilic substance that forms a cubic 
or intermediate phase at the equilibration temperature and 

30 one pf the following structures at the temperature desired 
for the formulation (typically 37 °C, physiologic tempera- 
ture): 1) a lamellar structure; 2) a lamellar crystalline 
structure; 3) an L3 phase. The fragmentation procedure is 
brought about through rapid cooling of the system in which 

35 one of the structures 1-3 is formed at well-defined crys- 
tallographic planes in the cubic phase or at defects in 
the cubic phase. Examples of substances which can be 
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potentially used for the introduction of particular 
surface phases include: class 1) phosphatidylcholines 
such as phosphatidylethanolamine and ester derivatives 
thereof, phosphatidylinositol, phosphatidylglycerol, 
5 cationonic surfactants, such as didodeceyldimethyl anuno- 
nium bromide (DDAB), monoglycerides, all of which form 
lamellar phases in equilibrium with the interior phase and 
with excess of solution; class 2) monoglycerides forming a 
lamellar crystalline phase in equilibrium with the cubic 

10 and excess solution phase; class 3) In addition to those 
given in procedure a) above phosphatidylglycerols and 
phosphatidylethanolamine, both with chain lengths of 18 
carbons or above and unsaturated, can be mentioned. 
Repeated f reeze-thawing cycles can be used to control 

15 particle size distribution, and the dispersion obtained 
can be aftertreated as described below. 

All except procedure d) take place above the main 
transition temperature of the lipid bilayer or lipid mono- 
layer constituting the interior phase. Any variation of 

20 the procedures a)-d) which utilizes the nature of the 

exact potentials, i.e. uses another pathway so to achieve 
substantially the same result as disclosed herein, fall 
wi-Uiin the scope of the current invention. 

25 3.1.1. Examples of procedures a) and b) 

Materials: A GMO prepared by molecular distillation 
was purchased from Grindsted Products A/S, glycerol mono- 
oleate (GMO) (85-06) (074832-FF 8-009), (Braband, Den- 
mark), and consisted of 98.8% monoglycerides, 1.0% glyce- 

30 rol, 1.0% diglycerides and 1.0% free fatty acids. The 
fatty acid composition was C16:0:0.5, C18:0:2.0, 
C18:l:92.3, C18:2:4.3, C18:3:trace, C20:4:0.5 wt %, as 
stated fay the supplier. Purified poloxamer 407, also named 
Pluronic F-127, was obtained from BASF Corporation (Wyan- 

35 dotte, USA). Soybean phosphatidylcholine (SPC) was pur- 
chased from Lucas Meyr (Epikuron 200) with a fatty acid 
pattern according to Rydhag (1979) of: C8:0.8, C12:2:12.2, 
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C16:l:0.4, C18:2.7, 018:1:10.7, 018:2:67.2 and 018:3:6.0. 
Double distilled water was used in all experiments. 

In the ternary phase diagram of the GMO/poloxamer 
407/water system the solubility of the fragmentation 
5 agent, in this case poloxamer 407, in the cubic phase 
originating from the binary GMO/ water system is such that 
it introduces the formation of a new cubic phase which is 
in equilibrium with an L3 phase which exists between 78-90 
wt % of water and an aqueous phase. These three phases 
10 form the boundary of the constituents of the invention in 
this particular system, by the three phase region where 
the interior phase, the surface phase, and the solvent- 
rich solution phase coexist. Thus only one particular 

229 

cubic phase, a cubic phase Q with a lattice parameter 

15 of 15 nm and a composition of 50/3.5/46.5 wt % of 

GMO/poloxamer 407/water, respectively, is fragmented by 
means of the introduction of disclinations caused by the 
local formation of the dispersable phase, the L3 phase, 
whos^ composition is 6.5/4/89.5 wt % of GMO/poloxamer 

20 407/water, respectively. Mixtures of the compounds whose 
composition is such as it falls within the boundaries of 
the three phase region are readily fragmented , even 
spontaneously with some fragmentation agents acting by 
this mechanism. Such mixtures thus fall within the scope 

25 of the current Invention. 

The following procedures have routinely been used to 
produce the particles of the invention: Typically an 
aqueous poloxamer 407 solution was added to a homogeneous 
cubic phase GMO/water (65/35 w/w%). The amount of poloxa- 

30 mer 407 solution can be varied within the three phase 

region described, i.e., in the approximative range of 0.8- 
3.5 wt.% of poloxamer 407. When necessary, the mixture was 
stirred on a magnetic stirrer until the Cubic phase had 
fragmented into particles with the desired properties^ 

35 such as size and adhesiveness. Typically water was added 
to a powdered GMO in the ratio 65/35 w/w %• The mixture 
was then equilibrated at room temperature for some hours 
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until a clear isotropic phase was obtained, after which an 
aqueous poloxamer 407 solution was added according to con- 
centrations given above. 

Analogous behavior of the GMO/polcxamer 407/water 
5 system is obtained if the poloxamer is changed to 
poloxamer 188 (Pluronic F68) instead of 407. In the 
GMO/poloxamer 188/water system the three phase region in 
which the cubic phase constituting the interior of the 
current invention has the composition 53/4/43 wt % of 

10 GMO/poloxamer 188/water and the L3 phase constituting the 
dispersable, or surface phase has the composition 10/18/72 
of GMO/poloxamer 188/water. The three phase region in 
which the particles of the current invention can be pro- 
duced is thus defined. 

15 The fragmentation procedure itself, in these and the 

other systems presented, requires very little input of 
energy, and fragments of the interior phase are sponta- 
neously formed by simply mixing the components. In all 
systems homogenizing devices, e.g., valve homogenizers can 

20 be used as described below. 

The addition of any kind of compoiond which does not 
cause any unfavorable phase change (unfavorable in the 
sense that none of the herein disclosed interior phases is 
formed) behaves analogously to the systems described, and 

25 it is only the extension and location of the three phase 
region which is changed, due to shifts in the phase boun- 
daries, of the phase regions constituting the interior 
phase as well as the surface phase. For example, the 
system of GMO/ soybean lecithin (SPC) poloxamer 407/water is 

30 found to behave analogously to the GMO/poloxamer 407/water 
and caiO/poloxamer 188/water systems. The same analogy 
holds for a variety of other compounds as well, exampli- 
fied by somatostatin and insulin as described below. 

In addition to the above systems the inventors found 

35 the formation of the current particles in: the GMO/DDAB/- 
water system, with less than 3 wt % of DDAB, in which 
particles with an interior phase of cubic phase and an 
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exterior of L3 phase are formed; systems of dioleoylphos- 
phatidylethanolamine (DOPE) in combination With DDAB and 
or Gt^O^ as well as diacylglycerides such as diolein. 

5 3.1.2. Structure of the dispersion formed according to 

procedures a) and b): Evidence for an intraparticle 
cubic phase 

The strategy in the structural evaluation of cubic 
phase dispersions prepared according to procedure a) has 

10 been to use a combination of the following: i) phase dia- 
gram studies; ii) detailed SAX diffraction studies to com- 
plement the phase diagram studies and to verify directly 
the existence of cubic phases; iii) visualization of the 
dispersed structure by detailed light microscopy and 

15 electron microscopy (EM) studies; iv) 31P-NMR to verify 

the existence of isotropic signals in the dispersions, in- 
dicative of cubic or L3 phases; v) light scattering 
studies for the measurement of particle size distribu- 
tions. Ali steps in the evaluation procedure have been 

20 performed on homogeneous phases and on non-homogenized and 
homogenized dispersions, with the exception of EM which 
was not applied in the case of homogeneous phase studies. 
The results are summarized below. 

25 3 • 1.2.1. The GMO/poloxamer 407 and poloxamer 188 and 
GMO/SPC/poloxamer 407-water systems 
From X-ray studies of the fine structure of the 
cubic phase swelled with poloxamer the inventors have 
shown that it is built up of a bilayer similar to the 

30 cubic phases in the GMO-water system but in which the PPO- 
-units of the poloxamer 407 are located in the bilyaer 
close to the apolar/polar interface with the PEO-units in 
the aqueous labyrinths. From this it is concluded that the 
observed decrease in the bilayer curvature of the cubic 

35 phases appears to be an effect of the PPO-units rather 

than the PEO-units* It is further proposed that the forma- 
tion of the colloidal fragmented dispersions of the cubic 
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phase Is an ultimate consequence of the proposed fine 
structure and its relation to the formation of an L3 
phase. Thus, the inventors have shown that the formation 
of the L3 phase which is governed by, among other things, 
a melting of the lattice structure and a simultaneous 
approximately two-fold increase of the characteristic 
length scale along a cubic/L3 tieline. This leads to a 
weakening of the interbilayer forces and a subsequent loss 
of long-range order. This is utilized in the current in- 
vention, in such a way that the formation of the L3 phase 
acts very similar to an explosive, in that it bursts the 
homgoneous cubic phase. The pathway for the explosive 
force is the formation of the L3 phase, which takes place 
along the most cost-effective energy-minimized path. A 
15 particle will, however, not separate from the homogeneous 
cubic phase until the whole of its boundary is covered 
with L3 phase. This can very dramatically and readily be 
visualized in the polarizing microscope, in which the 
fragmentation procedure can be seen to take place under 
20 the formation of small streaks of birefringence along the 
cracks of the homogeneous cubic phase in an otherwise 
totally isotropic pictiire. Sometimes, fragments are 
sticked to the homogeneous cubic phase which indicates 
that the surface is not fully covered with L3 phase. 
25 The phase diagram of the GMO/poloxamer 4G7/water 

system is dominated by an extended cubic phase region 
ranging from 18 wt.% to about 57 wt.% water and with a 
maximum content of 20 wt.% poloxamer 407. At higher con- 
centrations of the poloxamer 407 the cubic phase "melts" 
30 into an isotropic L2 phase. The system exhibits four other 
one phase regions, one of which appears in the diluted 
region, in between a dilutTed lamellar phase and the cubic 
phase, viz an L3 phase. Its structure has been shown by 
the inventors to be the same as for the L3 phases fre- 
35 quently found in surfactant-water system (see 2.5.2). 
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Four cubic one-phase regions were verified experimen- 
tally by the existence of the necessary two-phase samples 
with clearly separated, subsequently identified cubic 
phases, and the existence of the necessary multiple-phase 
5 saimples formed with the adjacent phase regions. The type 
of the cubic phases may be assxaraed to be of type II based 
on their location in the phase diagram. By means of SAXS 
the cubic phase which participate in the three phase 
region where fragmentation takes place can be determined. 

10 The same principle phase behavior is found in the GMO/po- 
loxamer 188/water and in the GMO/SPC/poloxamer 407/water 
systems, and the existence of a three phase region where 
the interior phase (cubic) and the surface phase (L3) 
coexist with an excess of water. In addition we have 

15 studied the phase behavior of the GMO/poloxamer 188/water 
at increased temperature to check for the critical tempe- 
rature when this three phase region disappears. No such 
temperature was found and the three phase region existed 
at least up to 60 °C which was the highest temperature stu- 

20 died. A general decrease of the extension of the cubic 

phase was noticed to take place at high water content (low 
curvatures ) which correlates nicely with the believe in 
increased entropy in the hydrophobic part of the bilayer 
as the temperature is increased. The most important fea- 

25 ture for this text is the existence of the three-phase 

region where the L3 phase and the cubic phase are coexist- 
ing with the diluted solution and in which region the 
current particles may be prepared. 

30 3.1*2*2. Phase behavior in polypeptide- and protein-water 
systems and their dispersions 

The phase behavior of the GMO-somatostatin-water 
system is similar to that of the MO/lysozyme/ water system. 
Somatostatin, like most polypeptide hormones, has a very 
35 low solubility in water and tends to associate into va- 
rious types of molecular aggregates. The solubility of 
monomeric somatostatin (molecular weight 1637^9) in 
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aqueous solution has been estimated to be 0.3 mg/ml. 
Furthermore, it has a net charge of 4 and a pi = 10. The 
phase diagram of GMO-somatostatin at 20 "C, clearly shows 
an increase of the solubility of somatostatin when formu- 
5 lated in the cubic phase. The cubic phase regions extend 
towards the wet region meaning that the curvature of the 
cxjbic phase(s) is decreased as the amount of somatostatin 
is increased. This reflects the amphiphilic nature of 
somatostatin analogous to the case of GMO/poloxamer 188 or 

10 Poloxamer 407/water systems. Cubic phases corresponding to 
a maximum of 10 wt % of somatostatin have been studied. 
The limit of swelling of the cubic phase is increased by 
nearly 10 wt.% as well. Several two-phase samples have 
been observed in the cubic phase region and again there 

15 exists a complicated, yet not fully resolved, cubic meso- 
morphism. However, as with many other hydrophilic proteins 
and polypeptides, we can conclude that the "average" cur- 
vature of the bilayer in the cubic phase is decreased as 
an effect of increased surface area of the apolar/polar 

20 interface caused by the presence of somatostatin. In line 
with this Q^^^ phase has been observed. We have also 
investigated the phase behavior at 37 °C, which shows the 
marked decrease of the extension of the cubic phase at 
lower cxirvatures, i.e. higher amount of water. Again 

25 analogously to the results for the GMO/poloxamer 188/water 
system. As seen a clear change of the phase boundaries 
toward the "dry" region is obtained and this is compatible 
with an increased ciorvature as expexted. 

30 3.1.2-3. Freeze-fracture electron microscopy study 

We have also investigated the homogenized disper- 
sions, prepared by methods a) and b) given in section 3.1. 
and 3.1.1- and homogenized as described in section 3.3.1., 
with freeze-fracture electron microscopy (FFEM) in colla- 

35 boration with W. Buchheim, Dept. of Chem. Phys., Federal 
Dairy Research Centre, Kiel, Germany. Representative 
micrographs show the characteristic pattern of a cubic 
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phase enclosed ia regular shaped particles ^ often with 
square or rectangular cross-sections. The results are 
revealing, showing particles with a very characteristic 
appearance, and the structure of cubic phase is clearly 
5 seen. The periodicity of the cubic phase can be estimated 
to be about 150 A, in good agreement with the X-ray data. 
Furthermore, the average particle size is estimated to be 
300 nm, which is in the same range as obtained by the 
light scattering experiment (see section 3.1.2.5.). From 

10 the largest particles (about 2 pm) a shift between adja- 
cent fracture planes corresponding to half the periodicity 
could be seen, which indicates that the structure is body- 
-centered, in agreement with the X-ray data. 

The same results were obtained in the investigation 

15 of a fragmented unhomogenized somatostatin ciibic phase, 
used in section 4.1.4.1. 

3.1.2.4. ^^P-NMR study 

In order to investigate and further support the 

20 structural evaluation of the particles claimed ah NMR 

investigation was performed. Dispersions were studied by 
31P-NMR by means of which it is possible to differentiate 
between samples giving isotropic line shapes and those 
giving anisotropic shapes. The latter is characteristic of 

25 the lamellar and hexagonal phases, and the former of 

several isotropic phases, among them the cubic phase and 
isotropic solution phases. If the sample is a mixture of 
two (or more) phases, the NMR spectrum is considered to be 
a superposition of the individual signals (cf . Lindblom 

30 and Rilf ors 1989 ) . It is important to note that NMR is a 
nondestructive method in the sense that it does not need 
separation of the individual phases. . 

Both homogenized and crude dispersions as obtained by 
the procedures given in sections 3.1. and. 3,1.1. and sub- 

35 seguently homogenized by the procedure outlined in 3.3.1. 
were used. No significant difference could be observed 
between the two dispersions. Representative powder-type 



SUBSTTTUTE SH^BT 



wo 93/06921 



PCr/SE92/00692 



28 

spectrum was recorded at resonence frequencies of 40.508 
MHZ on a modified Varian XL-100-15 spectrometer operating 
in a pulsed Fourier transform mode. Only two rather close- 
ly located peaks, with an area relation of 2:1, of narrow 
5 bandshape were observed- This indicates the presence of 
fast isotropic motion i.e. isotropic phases. Even if it is 
tempting to assume that these peaks correspond to the 
cubic and L3 phases, it is important to stress that these 
peaks can arise from, e.g., an L2 phase or vesicles, i.e., 
10 unilamellar liposomes. However, together with the evidence 
obtained with the other methods, the presence of two such 
"isotropic" peaks supports the structure as deduced from 
the FFEM and x-ray studies. 

15 3.1.2.5. Photon correlation spectroscopy (PCS) study 

Homogenization of the coarse dispersion as de- 
scribed in section 3.3.1. results in a dispersion which 
shows enhanced colloidal stability, mainly because the 
reduction of particle size. Light scattering experiments 

20 (performed with a Malvern PCSlOO spectrometer (Malvern 

instruments Ltd., UK) equipped with an argon-ion laser and 
K7032-OS correlator) indicated that the mean particle size 
was about 200 - 1000 nm, depending on the pressure, number 
of passages and temperature during the homogenizer used in 

25 the experiments, as described in section 3.3.1. A repre- 
sentative size distribution of a homogenized dispersion 
shows the presence of very few particles bigger than 1 ]m 
and about 90-95% of the particle size lies in the interval 
of 150-500 nm with a mean of about 300 nm. This is in 

30 agreement with the results obtained by FFEM (see section 
3.1.2.3. ). 

3.2. L3 phase dispersions 

These particles have been obtained through lyotropic 
35 phase transformation of the cubic phase dispersions de- 
scribed above. That is, the procedure is substantially the 
same, but the intention is that due to the existence of an 
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L3 phase in equilibrium with diluted solution (knowledge 
of which is obtained through prior phase diagram studies), 
the particle interior will be an L3 phase rather than a 
cubic phase. Systems where an L3 phase is known to appear 
5 in equilibrium with diluted solution are ternary systems 
containing amphiphilic proteins, such as the caseln/mono- 
glyceride/water system, and the poloxamer 407/monqglyce- 
ride/water and poloxamer 188/monoglyceride/water systems. 
The addition of lecithin, such as SPC, egg yolk lecithin, 

10 or lamellar forming cationic surfactants such as DDAB 

according to the above procedures may favor the formation 
of these particles over the cubic phase particles, as may 
the increase in the concentration of the third, amphiphi- 
lic component. Thus, the production procedures are similar 

15 to those described for fragmentation of cubic phases with 
the exception of procedure c) in section 3.1* The L3 phase 
particles are composed of bicontinuous L3 phase interiors 
stabilized by the action of the palisades created as de- 
scribed in a) and b) in section 3.1. 

20 In summary some of the most important fragmentation 

agents can be found within the following groups of 
compoxinds: 

POLYMERS 

Amphiphilic polymers; 
25 amphiphilic block copolymers: amphiphilic di- and 

tri-block copolymers: pluronics (polyxamers) and 

tetronics: poloxamer 407 (Pluronic® F127), poloxamer 188 

(Pltironic® F68) ; 

polyvinylpyrrollidine (PVP) 
30 amphiphilic proteins: glycoprotein, casein 

lipopoly saccharides: Lipid A and derivatives, analogs to 

Lipid A, and derivatives thereof. 

diacyl lipids with polymeric polar heads. 

35 

Amphiphiles, including lipids, and lipid-like surfactant 
and derivatives thereof 
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Nonionic: polyethyleneoxide surfactants; n-alkylpolyglycol , 
ethers (CEO.); various derivatives of polyoxyethylene 
(POE): POE fatty amine, POE glycol monoethers, POE fatty . 
5 ester, POE fatty alcohol; polysorbates; sorbin esters. 

Anionic: alkylsulfates; soaps; sulfosuccinates. 

Cationic: quaternary ammoniiim compounds (cationic soaps): 
10 cetyltrimethylammonium bromide (CTAB), 

didodecyldimethylammonium bromide (DDAB) etc.; N-[l-(2,3- 
dioleoyloxy)propyl]-N, N-trimethylammonium chloride 
(DOTMft.) and various analogs; cationic headgroup 
derivatives of monoacyl- or diacylglycerol . 

15 

Zwitterionic: phospholipids: phosphatidyl -choline (PC), - 
ethanolamine (PE), -serine (PS), -glycerol (PG): 
dioleoylPC (DOPC), dioleoylPE (DOPE), dioleoylPG (DOPG) 
(All C18:l alkyl chains, but there are many other examples 
20 and combinations); alkyl betaine derivative. 

Lipid derivatives: polyethyleneglycol derivatized 
(phospho) lipids (PEG-PC and PEG-PE); ethoxylated 
cholesterol . 

25 

Glycolipids: mono-, di- and polyglycodiacylglycerols. 

3.3. Aftertreatment and additional processing 

Depending on the desired properties of the final for- 
30 mulation, selected in view of the particular application, 

various aftertreatment processes may be desired. Particles 
made according to procedure b) section 3.1. can be homo- 
genized with preserved structure by means of suitable 
equipment, such as a valve homogenizer, so as to achieve a 
35 certain particle size distribution. Other processes such 
as sterilization by means of an autoclave, sterile filtra-- 
tion, or radiation techniques, or combinations thereof, 
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may be applied with preservation of the intraparticle 
structure and of the physicochemical state of the active 
compound, as now described. 

5 3.3»1. Homogenization 

Depending on the system in which particles, as de- 
scribed above, have been obtained and dependent on the de- 
sired properties, the dispersion can be homogenized so as 
to achieve a satisfactory particle size distribution and 

10 surface properties. The decrease of particle size in- 
creases the stability of the dispersion, with regard to 
settling phenomena. However, it is important not to treat 
the destabilization processes with normal procedures for 
emulsion system, since the current system is not acting as 

15 such, nor can it be defined as such. The associated desta- 
bilization is treated in more detail in section 3.4.3. 

After fragmentation of the cubic phase the dispersion 
may have different surface characteristics depending on 
the fragmentation agents used. This in turn affects 

20 particle size and properties such as adhesiveness, and it 
can be advantageous to homogenize the dispersion for re- 
duction in particle size and a narrow particle size dis- 
tribution. In particular, homogenization is important in 
the use of the current particles as drug delivery system. 

25 In practice several different homogenizers may be 

used; however, the introduction of new equipment requires 
a thorough structural evaluation so as to insure that the 
particles still have the intraparticular properties of the 
cubic phase as described above- In this work we have used 

30 two principle devices to homogenize the dispersions: an 
ultrasonic device and a valve homogenizer. The homogenizer 
used is described in detail by Thomberg and Lundh (1978) . 
Briefly it is a pneumatic continuous valve homogenizer for 
laboratory use equipped with a heat exchanger and a valve. 
35 Its capacity can be varied as well as its pressure, which 
can be monitored. Usually, batches of 10-50 ml was conti- 
nuously homogenized at 25 ®C, with pressures applied in the 
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range of 80-180 kBar. The dispersion was carefully inves- 
tigated during and after the homogenization. 

Preparation of homogenized dispersions used for FFEM, 
31P-NMR, and PCS studies: A batch of the GMO/water cubic 
5 phase was prepared, sealed and stored under nitrogen 
atmosphere at room temperature. The water content was 
checked by frequent ocular examination. Normally disper- 
sions were prepared in samples of 30 ml, with a total 
lipid composition of 10 w/w %, and final concentrations of 

10 -aie GMO/SPC/poloxamer 407 system of 6.5/3.5/1.0 w/w %, st. 
These dispersions were prepared with the GMO/water cubic 
phase as starting material for the dispersions. A suitable 
amount of the GMO/water (65/35 w/w %) cubic phase was 
weighed into a ordinary beaker and mixed with appropriate 

15 amounts of a premixed dispersion of poloxamer 407 and SPC 
in accordance with the final concentration. The mixture 
was stirred for some hours until the coarse dispersion was 
suitable to homogenize. The homogenization was carried out 
at 25 "C in continuous laboratory valve homogenizer, 

20 described in detail by Thomberg and Lundh (1978). 

Immediately after homogenizing the dispersions were col- 
lected in 12 ml ampoiiles which were filled with nitrogen 
and flame sealed. All dispersions were stored at room 
temperature . 

25 The increase in stability is indicated by the fact 

that ultracentrifugation at 250,000xg (20''C, 24 hr) was 
not enough to separate the pases satisfactorily as 
compared to 40,000xg (20°C, 24 hr), at which a coarse 
dispersion of a corresponding sample was separated. By 

30 examination of samples after each passage through the 
valve, both in the microscope and by X-ray experiments, 
performed after separation of the dispersion by means of 
an ultracentrifuge, it was deduced that no apparent 
changes of the structure, other than size reduction, had 

35 occur ed. 
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All the steps of the dispersion procedixre were 
carefully followed by ocular inspection and by light 
microscopy observations, looking for signs of birefrin- 
gence and estimations of the particle size* The stability 
5 of the dispersions was judged by ocular . inspection. 

3.3.2. Sterilization 

Due to the stablization by the fragmentation agent, 
the sterilization method has to be carefully established 

10 for each system under investigation. Particles of the 
cubic phase dispersion type stabilized with poloxaraers 
according to above might, however, be sterilized by seve- 
ral methods without affecting the final structure or the 
physical properties of the particles. This is due to the 

15 very high inversion temperature and the very high cloud 
point temperature (or lack thereof) for these amphiphilic 
block copolymers 4 Similar properties can be foiand to be 
valid for other block copolymers listed as fragmentation 
agents above. Thus, these formulations can be sterilized 

20 by autoclaving techniques with the consideration of per- 
oxidation carefully evaluated and taken into account. 

For the majority of dispersed systems sterile filtra- 
tion is the only currently acceptable method available. 
Techniques such as those suggested and currenctly used in 

25 the field of biotechnology, in particular liposome and 
emulsion technologies can be used in connection with the 
current invention. 

3.3.3. Further stabilization 

30 Destabilization procedures due to the colloidal 

nature of the current particles may in principle be 
avoided by the same methods used in other colloidal sys- 
tems, such as emulsion and dispersion technology. In 
particular, addition of polymers such as alginates, amylo- 

35 pectin and dextran, may enhance stability, as well as the - 
use of steric stabililizing fragmentation agents. 
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3.3.4. Freeze drying 

Protein cubic phases can be freeze dried with re- 
tained protein structure (enzyme activity) after reconsti- 
tution (Ericsson 1986). Thus, disclosed structures as 
5 reported here can also be freeze-dried and reconstituted. 
Such preliminary results have been performed and X-ray 
diffraction data show no significant difference between 
the original dispersion and the reconstituted dispersion. 
In particular, such procedures as freeze drying can be 
10 performed with cubic phases containing substantillay 
amounts of sugars, such as (SSderberg 1990) which is 
thought to protect the tertiary structure of proteins and 
possible other compoiinds as nucleotides. 

15 3.4. Variations of methods of preparation 

Formulations such as those exemplified above in 
general may have to be modified and processed in such ways 
that formulations fulfil the criteria set by the govern- 
ment, in particular, additives, such as glycerol, sucrose, 

20 phosphate buffers and saline in relevant concentrations, 
to the aqueous compartment or formulations thereof can be 
added wihtout changing the principle structure of the par- 
ticles . 

A particular feature of the dispersion made by method 
25 a) section 3.1. is that it is stable with the same prin- 
ciple intraparticle structure within a pH range of appro- 
ximately 2-9. Similar pH stability ranges can be expected 
for other non ionic systems. The addition of charged lipid 
species, or active ionic compounds, in the formulation can 
30 thus be used as a pH sensitive releasing/triggered system. 

3.4.1. Solvent-based methods 

The processes described in sections 3.1. and 3.2. 
can be varied according to the following: by solvent solu- 
35 bilization of the components corresponding to the consti- 
tution of the cubic phase as described in 3.1 and 3.2 or 
such solubi'lizate plus bioactive agents as described in 
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setion 4, or such soluJiilizate with or without bioactive 
component plus fragmentation agent as described in sec- 
tions 3.1 and 3*2. Solvents that can be used are, DMSO, 
carbontetrachloride^ ethanol, methanol, hexane, or mix- 
5 tures thereof. After subsequent evaporation of the solvent 
a cubic phase is formed. Evaporation can be achieved by 
conventional methods such as a rotavapor. Similar methods 
currently in use in the field of liposome preparation 
technology can in principle be applied to the current in- 
10 vention. The cubic phases are subsequently treated as 

described in section 3.1* for the formation of the disper- 
sions through fragmentation of the phase constituting the 
interior phase, or section 3.2. for the formation of the 
L3 phase dispersion. 

15 

3.4.2. Dispersions with polyinerizable lipids or lipid- like 
surfactant 

Another possibility that lies within the scope of 
this invention is afforded by cubic phase-- forming surfac- 

20 tants, lipids, and amphiphilic monomers that can be poly- 
merized* In particular, those techniques which are dis- 
closed in the following Anderson documents, concerning the 
polymerization of cubic and other reversed liquid crystal- 
line phases, are in principle applicable to the present 

25 invention for the establishment of a polymrized interior 
phase, surface phase, or both: 

Anderson, D.M. (1990) Coll. de Phys. 51(23) C7-1. 

Anderson, D^M. and Strom, P. (1991) Physica A 176, p- 151; 

Anderson, D. and StrOm, P. (1989 in Polymer association 
30 structures: microemulsions and liquid crystals (El-Nokaly, 

M.A. ed. ) pp. 204, American Chemical Society, Washington. 

Strom, P. and Anderson, D.M. (1992) Langmuir 8, 691. 

Research has recently arisen in the literature as to 

polymerizable lipids that polymerize through peptide 
35 bonds. Ctibic phase particles made and polymerized with 

such lipids could be processed in particular depolymerized 

- through polypeptide degradation and biosynthesis path- 
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ways in the body. In this way, sites of excessive or ab- 
normal polypeptide metabolism coxild be targeted. 

The use of polymerizable (or polymerizable/depolyme- 
rizable) compounds as dispersing agents opens up the 
5 possibility to tailor the characteristics of the palisade 
layer, substantially independently of those of the inte- 
rior. In particular, with minimal effect on the cost-ef- 
fective, protein stability, and microstructure of the 
interior of the particles, the hydrophilic palisade could 
10 be polymerized with a resulting strong effect on the sta- 
bility and molecular recognition properties of the par- 
ticles. The release rate, and even the functional form of 
the profile, could be tailored in this same way, especial- 
ly through the use of mixtures of polymerizable and non- 
15 -polymerizing agents or agents with variable numbers of 
polymerizable groups, establishing distinguishable laby- 
rinths through polymerization of chiral and monolayer 
cubic phases. In addition to triply-periodic order, an 
additional degree of spatial order is afforded if the two 
20 solvent networks created by the surfactant film can be in- 
dependently treated, in a systematic way. We have men- 
tioned that more sophisticated applications of these ma- 
terials could be made possible if this distinction were 
possible; that this is in principle possible, and of 
25 potential importance, is clear from the use of this pro- 
perty in the prolamellar body of etiolated leaves, for 
example (Gunning 1967, Tien 1982). In this subsection we 
discussed several ways in which this might be accomp- 
lished, based on previous work of this group. 
30 As discussed in section 2.4.2, the Q^^^ cubic phase 

structure, which has been found in the monoolein/water/ 
cytochrome-c system, is believed to be the same as the 
structure of Q^^° except that the protein is segregated 
into one of these networks by virtue of its stereoche- 
35 mistry; thus the cubic phase has one aqueous network and 
one network filled in with inverted micelles containing 
proteins . 
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4. Applications 

Especially interesting uses of the particles claimed, 
or as prepared by the method claimed, are those uses which 
5 are defined in the accompanying claims. These and other 
uses will, however, be described more in detail below. 

In the area of drug delivery, the invention is parti- 
cularly well suited, though not limited, to the formula- 
tion and delivery of hydrophobic and amphiphillc compounds 

10 that have limited aqueous solubility, or are subject to 
iindesireable degradation or non-optimal presentation to 
the target, especially, coformulations of nucleic acids 
and/ or proteins with compounds related to, or needed for, 
the uptake^ introduction or transcription, or for its 

15 enhancement, of nucleic acids. In addition, the invention 
is in principle well suited for intracellular targeting. 
The inveni:ion is well suited as an adjuvant for vaccines, 
such as lipopolysaccharides, particularly for peptide- or 
carbohydrate-based antigenic compounds and in the cof or- 

20 mulation of iiranunoraodulators . The invention is well suited 
for prolonged circulation of peptidiq drugs, and more 
particularly it increases the therapeutic index thus de- 
creasing systemic toxicity, which is common among com- 
pounds under investigation in the treatment of cancer and 

25 in the therapy of immune disorders, such as HIV related 
diseases. 

Thus a drug delivery system should protect the poly- 
peptide from degradation as well as increase the half-life 
so to achieve longer contact times for site- specific and 
30 chronospecific delivery, both extracellular and intra- 
cellular. 

4.1. Drug delivery 

A major obstacle for the utilization and delivery of 
35 polypeptides and protelnaceous active agents is their for- 
mulation. The simplest form of administration of these 
compoxinds is by direct injection in hypotonic medium into 
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the bloodstream. However, several properties of polypep- 
tides and proteins that may impede their delivery must be 
taken in consideration, such as their: i) physicocheraical 
state; ii) chemical, enzymatic and physical instability; 
5 iii) short biological half -life of circulating compound; 
iv) potential of provoking immunological response; v) in- 
ability to be transported from the vascular compartment to 
extravascular sites with efficiency; and vi) the chronici- 
ty of their biological task. 

10 The current invention represents a novel approach 

that circumvents these limitations, and furthermore pro- 
vides unique means by which to achieve chrono- and site- 
-specific delivery, including delivery specifically to 
intracellular sites - that is, directly to the cell 

15 organelles responsible for the activation and control of 
biosynthetic pathways governing cell metabolism and dis- 
semination of genetically-derived information. The current 
invention is not restricted to any particular route of ad- 
ministration, and administration can be made by intra- 

20 venous, intramuscular, intranasal, ocular, sublingual, 

subcutaneous, oral, rectal, vaginal, or dermal routes, or 
regionally such as through intraperitoneal, intraarterial, 
intrathecal and intravesical routes. 

25 4.1.1. Toxicological considerations 

A problem with the use of homogeneous reversed cu- 
bic phases as drug delivery system is its well documented 
fusogenic property and as an effect it is hemolytic. The 
documentation is particularly well regarding monoolein 

30 (see e.g. Cramp and Lucy, Hope and Cullis 1981 and re- 
ferences cited therein). On the other hand there are re- 
ports regarding antitumor activity of certain monoglyce- 
rides (Kato et al. 1969) as well as antimicrobial effects 
(see e.g. Yamaguchi 1977). The current particles, prepared 

35 by the methods given in section 3.1. and 3.1-1. do not 

show any fusogenic activity even when the phase constitut- 
ing the interior is originating from the GMO/water cubic 
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phase, as was indicated by the absence of hemolytic pro- 
ducts in mixtures of a cubic phase dispersion and human 
whole bloods The apparent absence of toxic effect in the 
animal test discussed herein also supports this conclu- 
5 sion, although clearly more testing is necessary. This 
apparent lack of toxicity is almost certainly due to the 
increased hydrophilicity of this cubic phase dispersion as 
compared to the homogeneous cubic phase, and through 
steric stabilization, both provided by the hydrophilic 
10 palisade created by the surface phase, 

4.1.2. Site-specific drug delivery 

It has become urgent to develop more site-selective 
and specifically targeted drugs. In particular, the very 

15 potent and often systemic unwanted actions of peptidic 
drugs require efficient targeting so as to avoid the 
otherwise extremely high doses which can cause, e.g., im- 
munogenic responses. Furthermore, many of the endogenous 
peptidic substances considered as drugs act within 1-10 nm 

20 of their site of production. Together with their variable 
efficiency with time of action and the fact that polypep- 
tides are rapidly metabolized, this clearly requires spe- 
cif ic targeting to obtain and maintain relevant dose 
levels. Whether this will be achieved with the use of 

25 carriers, vehicles, drug delivery systems, or the de novo 
synthesis of macromolecular therapeutic systems is still 
an open question. Site-direction in drug delivery can be 
obtained by using the endogeneous routes offered. These 
have only been partially mapped today and perhaps the roost 

30 explored pathway to obtain site selectivity has been to 
use monoclonal antibodies. The surface phase of the par- 
ticles of the current invention can in principle! be 
1:ailored so as to be used in all kinds of different 
interactions with e.g. tissues, so as to increase the 

35 efficiency of the drug via the achievement of site-speci- 
fic delivery and thus increase its therapeutic index. 
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4.1.3. Organ selectivity 

The use of sepcif ic fragmentation agents in the 
method of the cxjrrent invention to achieve specific 
interactions with a set or stibset of cells within one 
5 organ can e.g. be achieved through the use of different 
amphiphilic block copolymers, such as the poloxamers 407 
and 188. It has also been shown that the biodistribution 
can be altered by the different surface properties ob- 
tained by the use of these polymers. Thus, as suggested by 

10 these works, the cubic or L3 dispersions can be directed 
towards, e.g., the bone marrow by applying different 
fragmentation agents as described in section 3. The use of 
carbohydrates or synthetically modified block copolymers 
as fragmentation agents can be used in the present inven- 

15 tion to further increase the specificity. The modification 
of the hydrophilic polyethyleneoxide units by conjugation 
with specific sugar moieties can be used as one approach. 

The use of lectins (Sharon and Lis 1989) offers an 
attractive pathway to specific interactions with targets. 

20 It has been demonstrated that membrane bound lectins 
mediate the binding of both cellular and intracellular 
glycoproteins to membranes and in this way control the 
trafficking of glycoproteins. It is clear that this highly 
conserved and specific interaction can be used the other 

25 way around, i.e. that the glycoprotein (or only mimic 

thereof) is carried by the vehicle and upon recognition by 
the lectin interact with the target. Again the current in- 
vention offers important novel possibilites to achieve a 
uniform and efficient presentation and interaction with 

30 the target. 

4.1.4. Delivery of polypeptides and proteins 

The success of recombinant products for use as 
pharmaceutics will, at least in part, be dependent on pro- 
35 gress in the formulation of these products. However, due 
to the great variation of these products with regard to 
•ttieir physicochemical properties and biological action, a 
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their physicochemical properties and biological action, a 
single delivery system is very unlikely to satisfy all the 
desired properties • E.g. in the fonnulation of polypep- 
tides it is often thought that a sustained release should 
5 increase the bioavailability; however, there are many 
examples where a sustained release could cause toxic or 
immunogenic reactions due to, e.g., cascade effects. 
Clearly, the dose response and the dose determination rely 
on several complicated issues, from the development of 

10 international standards to the more basic understanding of 
the biochemical action of these products, and, still more 
intriguing, the patient dose dependence. Depending on the 
time and duration of their interaction with the target, 
the range of effects also might be selective. Thus, chro- 

15 mospecificity is also to be considered, particularly in 
the delivery of peptide hormons or neuropeptides. 

For some polypeptides a duration of their delivery 
and a prolongation of their biological half-life may be of 
relevance and increase the bioavailability and/or effi- 

20 ciency. Currently most formulations of polypeptides have 
been concerned with the rather trivial question of in- 
creasing the biological half -life upon administration. 
Preparations such as liposome-associated polypeptides have 
been used to sustain the delivery of many polypeptides 

25 through various routes, and to some extent it has been 
shown that the delivery of intact and bioactive polypep- 
tides can be prolonged for days and possibly longer. How- 
ever, very few of these studies have been at all concerned 
with the therapeutic efficiency of the delivejry. This 

30 aspect will, however, determine whether products as lipo- 
somes will be of medical or commercial importance in a 
specific application. The numerous obstacles to the 
efficient delivery of polypeptides and proteins have been 
considered by many authors (Stemson 1987, Lee 1988, 

35 Eppstein and Longenecker 1988, Banga and Chien 1988). 
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Peptidic drugs comprise a broad class of pharmaceu- 
tics and the in vivo actions of these compounds, whether 
administered or endogenous, include a wide range of 
effects; due to their interactions, these are intrinsical- 
5 ly coupled, and therefore some of the peptidic drugs are 
treated separately elsewhere in this text. Thus to under- 
stand and control systemic effects, site-specific delivery 
must be considered along with the above-mentioned conside- 
rations. 

10 Coformulations of absorption enhancers such as bile 

acids, for example sodium glycocholate and deoxycholate, 
as nonionic polyoxyethylene ethers and derivatives of 
fusidic acid such as sodium taurodihydrofusidate, or a 
combination of these, are easily achieved with the current 

15 invention. 

For some peptidic compounds precautions have to be 
taken to avoid precipitation, fibrillation, and/or aggre- 
gation of the compound. In the current invention such 
changes are most conveniently avoided by adding the pep- 

20 tidic compound as a solution to a preequilibriated cubic 
phase with the smallest possible amount of water within 
the cubic phase region so as to swell the cubic phase to 
the cubic phase considered for the final equilibration and 
subsequent fragmentation, or by adding the peptidic solu- 

25 tion to a preequilibriated mixture of lamellar and cubic 
phase, i.e. to a two-phase region consistent with the co- 
existence at equilibrium conditions of lamellar phase and 
cubic phase in accordance with phase behavior, followed by 
equilibration and subsequent fragmentation. The latter is 

30 exemplified in the GMO (or MO or mixtures of monoglyce- 
rides or mixtures of certain monoglycerides and phospho- 
lipids or lecithin) /water system. 

Examples of peptidic compounds which can be formu- 
lated with the current invention are: bovine serum albumin 

35 (BSA), insxain, epidermal growth factor (E6F), gonado- 
tropin-releasing hormone, interferons (type I and II; 
I:alfa (15-20 different species) and beta; II: gamma). 
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luteinizing hormone, vasopressin and derivatives, soma- 
tostatin and analogs. Other peptide-based pharmaceuticals 
that are active in the cadiovascular, CNS, and gastroin- 
testinal regions, as well as those modulating the immune 
5 system or the metabolism can be formulated either alone or 
in mixtures by the cxarrent invention. 

4.I.4.I. Example of intravenous somatostatin formulation 
in the rabbit 

10 Somatostatin is an endogenous small polypeptide 

with a wide range of biological effects which have been 
subject to intensive research activity since it was dis- 
covered in 1968. The very broad spectrum of actions of 
somatostatin have led to an immerse search for therapeutic 

15 applications. However, because of its low biological half- 
-life, great efforts have been put into the development of 
more stable and specific analogues more suitable for cli- 
nical applications • 

In order to investigate the properties of cubosomes 

20 as a drug delivery system, a somatostatin loaded cubic 
phase dispersion preparation was studied in the rabbit 
using intravenous bolus injection. After injection, blood 
was sampled at regular intervals, and concentrations of 
somatostatin were determined as the specific immunoreac- 

25 tivity in plasma. It is important to note that these 
measurements do not reveal the amount released, and the 
amount of somatostatin measured can very well be located 
in the cubosomes. This is a common analytical problem 
shared Jby other drug vehicles. The result showed a sig- 

30 nificantly increased and maintained somatostatin concen- 
tration in the plasma within the time of the experiment 
which was six hours. Also shown is the plasma concentra- 
tion after bolus injection of the peptide. From these 
results we can conlude that the cubosomes exhibit a pro- 

35 longed circulation time. This can tentatively be explained 
by the palisade of PEO-xinits which increases the hydrophi- 
licity. This effect has been observed for other colloidal 
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drug carriers covered with a surface layer of poloxamer. 
in fact several studies have used poloxamers to prolong 
the circulating time of colloidal particles via an adsorp- 
tion of the block copolymer to the surface of the partic- 
5 les, resulting in an increased hydrophilicity of the par- 
ticle surface (cf. Jamshaid et al. 1988 and references). 

4.1.4.2. Example of intranasal insulin formulation in the 
rat 

10 Insulin (Actrapid, Novo, Denmark) has been formu- 

lated by the current invention and delivered intranasally 
in a rat. Insulin solution with the desired concentration 
was added to samples of GMO/water, corresponding to the^^ 
two-phase region where the lamellar and cubic phase (Q ) 

15 coexist, following equilibration to insure the formation 
of the desired cubic phase used for subsequent fragmenta- 
tion. SAXS methods were used to insure that the formula- 
tion prior fragmentation correspond to a cubic phase. 
Fragmentation was performed as described in section 3.1 

20 method b) as described in detail in section 3.1.1. All 
steps in the formulation procedure were performed under 
antiseptic conditions. In the current example with regard 
to route of administration and the delicate properties of 
insulin the fragmented colloidal dispersion was chosen not 

25 to be further processed. There were no signs of instabili- 
ty of the dispersion during the time of the experiments 
(approximately 2 months). 

Animal experiments were performed in collaboration 
with Dr. P. Ederman, Dept. of Pharmacy, Uppsala Univer- 

30 sity. The formulation (10 lU/ml) was administered intra- 
nasally in rats (Wistar) and the change in the blood glu- 
cose was used as a measure of the insulin delivery through 
the nasal epithelia. A significant change was observed and 
no obvious signs of side effects were observed. 

35 
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4.1.5. Adjuvant formulations and the use of the current 
particles as a vehicle for immunomodultative 
compounds 

The development of specific recombinant or synthe- 
5 tic antigenetic sxibstances, such as subunit antigen and 
polypeptides, have lead to an urgent need for vaccine ad- 
juvants since these structures are generally of low anti- 
genicity. Therefore their promise as vaccines will rely on 
their formulation with adjuvants that increase cell-me- 

10 diated and humoral responses (Alison and Byars 1990). 

The two most often considered lipid-based colloidal 
vaccine adjuvants are liposomes (Allison and Gregoriadis 
1974, Gregoriadis 1990) and Freunds adjuvants (Edelman 
1980), Lately, however, the use of liposomes as adjuvant 

15 systems has been reconsidered and as pointed but by Weiner 
(Weiner 1989) liposomes do not insure an increased immune 
reactivity. The properties and features of some new adju- 
vants for vaccines have been reviewed (Eppstein et al. 
1990). 

20 It has become clear that the presentation of the an- 

tigenic structure is of great importance for the immune 
reactivity, response and the subsequent development of 
immxxnity and that membrane perturbations are of profound 
importance in immunogenic responses. Even though not ge- 

25 nerally accepted it is believed that the events upon mem- 
brane perturbations are intimately connected to the re- 
quired intracellular enzyme activity and that the ra- 
tionale for this is the cooperative biogenesis of intra- 
cellular membranes and especially the expression and 

30 surface properties of the plasma membrane. It is therefore 
very interesting to note that the biological active part 
of different lipopolysaccharides (LPS), Lipid A, forms a 
cubic phase in excess of physiological solution at physio- 
logical conditions (Brandenburg et al^ 1990) and thus 

35 behaves very similar to the monoolein-water system. It can 
also be fragmented by the methods given in section 3 and 
used either alone or with solubilized vaccines and/or 
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other immunomodulating compounds. Lidid A and synthetic 
analogous have frequently been used in adjuvant formula- 
tions for immunostimulation. It is therefore to be con- 
sidered that coformulations of monoolein- lipid A forming a 
5 cubic phase in excess of solution would elicit strong 
immunogenic response. Other coformulations either with 
GMO, Lipid A or a combination of these, are with saponins 
(Barla et al 1979), bile acids (Lindstram et al. 1981, 
Svard et al. 1988), phospholipids (Gutman et al. 1984) and 

10 diacylglycerols . 

in particular, the particles of the current invention 
are suitable as an adjuvant for polysaccharide antigens. 
It is well established that adjuvants, such as LPS's and 
murarayl dipeptide (MDP), induce the production - by 

15 accessory cells - of mediators, such as interleukin-1 (IL- 
1) and other lymphocyte growth factors, stimulating the 
proliferation of helper T-lymphocytes . The importance of 
the targeting of antigens to highly efficient presenting 
cells, such as interdigitating and follicular dendritic 

20 cells, has been emphasized (Allison and Byars 1986). Thus, 
procedures that facilitate the migration of antigens to 
the paracortical areas of lymph nodes, in the immediate 
vicinity of interdigitating cells, should favor cell-me- 
diated immunity. 

25 The particles of the current invention could thus be 

transferred to precursors of interdigitating cells at the 
site of injection, in afferent lymph or in lymph node 
sinuses . 

Similarly, any procedure, such as selective receptor 
30 targeting directed towards C3b receptors on B-lyraphocytes, 
that facilitates localization of antigens on folliciilar 
dendritic cells should increase B-lymphocjrte responses. 

Therapeutics which have been investigated as diffe- 
rentiating or inhibiting compounds are very attractive 
35 candidates to formulate by the current invention. In par- 
ticular, peptidic drugs such as oligopeptides may act in 
the inhibition of EGF receptor. Similar approaches are 
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currently investigated in the treatment of the acquired 
immunodeficiency syndrome (AIDS), a subject dealt with in 
section 4.1.7,1* Another potential application is the 
cof ormulation of the antigen and/or immunomodulator with 
5 cytostatic drugs such as methotrexate, so as to potentiate 
the iraraunogenic response and/or decrease or diminish po- 
tential iiranune responses to antigens in antibody-targeted 
applications of the current invention. 

10 4.1.6* Cancer therapy 

The current invention should be applicable to the 
field of cancer therapy. As to further details in this 
context reference is made to the use of liposomes for such 

15 purposes (see e..g, Weinstein 1987). 

Preferential delivery to tumors is a challenge that, 
if solved, would represent an enormous advanve in cancer 
therapy. Reduced systemic concentrations of the drug being 
delivered is a step is this direction, and by applying the 

20 methods described in section 4.1.2. and 4.1.3, site 
selectivity could in principle be realized. Lipid 
biogenesis and the role of lipids as second messengers in 
the development of cancer has drawn increased research 
interest and activity. Cof ormulat ions of anticancer drugs 

25 ^nd such second messengers can easily be accomplished by 
the current invention. 

The rationale for use of lipid-based vehicles in 
general, and the current invention in particular, as 
carriers in chemotherapy is based on the following basic 

30 concept: prolonged circulation as compared to the free 
drug; protection and stabilization of the drug; 
circumvention of certain cell membrane barriers; 
amplification of the drug effect due to targeted drug 
delivery* Agents of particular interest in this connection 

35 are: doxorubicin; taxol; al6pacia; cisplarin derivatives; 
and vincristine. 
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4.1.7. Antimicrobial therapy 

The potency of drugs used against microbial infec- 
tions, i.e. bacterial/rickettsial, parasitic and viral 
infections, can be correlated with their lipophilicity. 
5 The more lipophilic the more potent. Thus, the current 
system can solubilize large amounts of potent antimic- 
robial agents and at the same time protect or minimize the 
host from systemic toxic effects. 

Many of the new antimicrobial drugs under considera- 

10 tion are of proteinaceous type. Some of these pplypeptidic 
drugs considered fall also in the category of immunomodu- 
lators, such as some interferons. Further examples in this 
category are lymphokines for the treatment of visceral 
leishmaniasis, and cytokines; ampicillin for the treatment 

15 of intracellular liver and spleen infections caused by 
Listeria monocytogenesis; amphotericin B in the treatment 
of mycotic infections; ribavirin for the treatment of 
fever virus infecton; streptomycin for the treatment of 
tubercolosis and splenic infections; sisomycin for the 

20 treatment of lung Infections; gentamicin for the treatment 
of intraperitoneal infection; and penicillin G for the 
treatment of intraperitoneal extracellular infection 
caused by Staphylococcus aureus. Applications where sus- 
tained release are of particular interest are in the 

25 treatment of genital papilloma virus infections. Coformu- 
lations of lipophilic, amphiphilic and hydrophilic 
antimicrobial drugs can be achieved with the current in- 
vention. Such formulations find their application in the 
treatment of patients of systemic microbial infections, 

30 which often is the case for patients having AIDS. 

4.1.7.1. Therapy of human immunodeficiency virus-related 
disease 

The potential for the use of the present partic- 
35 les in a delivery system for therapeutic intervention in 
therapy of human immunodeficiency virus (HIV) -related 
disease, especially acquired immunodeficiency disease 
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(AIDS)^ follows from their potential in polypeptide and 
protein delivery, in the delivery of immunomodulative 
compounds, and in intracellular targeting and deliveiry of 
such compounds, as discussed herein. Of particular impor- 
5 tance in this respect is their potential use in the modu- 
lation of lipid biogenesis and the subsequent membrane 
formation, as target for the treatment of, e.g., cancer 
and other hyperactive cells such as virus-infected cells. 
Selective drug delivery is important to cells which 

10 are infected or to cells which are known to be targets for 
HIV infection, such as CD4+T cells, certain types of B 
cells, monocytes/macrophages, dendritic cells, Langerhans 
cells, and some brain glial cells, as well as HIV infects 
CD84-T cells, muscle cells, f ibroblastoid cells, and some 

15 neuronal cells in vitro. Thus, all these, and other, cell 
types are potential targets for the current particles. 
Indeed, the same rationale as outlined for the targeting 
of immunomodulators and vaccine formulations are valid in 
most, in particular, the high surface area and the ability 

20 of coformulation. 

The formulation of drugs or the use of fragmentation 
agents or part thereof which binds to target cells or pre- 
ferably HIV, thus enables inhibition of gp 120 induced 
cytocidal effect. Such compounds are CD4 analogs and anti- 

25 bodies to HIV. The use of the current particles benefits 
such interactions needed and their prolonged circulation 
increases these Interactions. 

The (site specific) delivery of reverse ^ transcriptase 
inhibitors, such as 3 ' a2:ido-2 ' 3 ' -dideoxythyraidine (AZT) 

30 and other dideoxynucleoside analogs such as ddl, d4T and 
AZddu using the current nomenclature, dipyridodiazepinone 
derivatives and tetrahydro-imidazo[4, 5, 1- j , k] [1, 4] -benzo- 
-diazepin-2( lH)-one (TIBO) and -thione(tiba) and deriva- 
tives . 

35 The (site specific) delivery of specific iiihibitors 

of HIV ribonuclease H (RNase H) activity, inhibitors of 
transcription and translation of the virus encoded repli- 
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ca1:ion. 

Formulations with compounds that block the processing 
of the virus envelop glycoprotein gp 120 and/or gp 41 or 
their precursor, such as N-butyl-nojirymycin. 

Coformulations of certain inimunomodulators or indu- 
cers thereof such as interferons, in particular IFN-gamma, 
with other compounds used in the treatment of HIV infec- 
tions. 



10 4.1.8. Gene therapy 

The rationale of gene therapy has been discussed by 
many authors (c£. Wilson 1986) and the field appears to 
have a high potential. It is very likely that the effi- 
ciency and stability of the introduced gene will depend on 
15 its specific delivery to the target cell and on intra- 
cellular interactions. For example, in the treatment of 
bone marrow cells, an extraordinarily efficient and selec- 
tive delivery is required since stem cells of the bone 
marrow only comprise about 0.001-0.01% of the total cells. 
The task to be solved by the delivery system for in vivo 
targeting is therefore considerable. The current invention 
offers not only a very high solubility of DNA fragments 
and/or plasmids but also protects DNA from undesireable 
interactions with body fluids. 



20 



25 



4.2. Biotechnological and biomedical applications 

The considerable direct, and indirect, evidence for 
the high enzymatic activity in the cubic phase particles 
of this invention, together with their versatility in the 
30 immobilization of enzymes at high loadings make the cur- 
rent invention advantageous as compared to current avail- 
able immobilization units in biotechnology. This has been 
discussed in the case of homogeneous cubic phases by 
Anderson (1987), and the current invention represents an 
35 improvement of that invention because of the much higher 
surface/volume ratio in submicron particles of the cubic 
phase, thus facilitating access into and out of active 
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sites. The use of lipid-based vehicles in imaging, in 
particular liposomes as contrast-enhancing agents or in 
diagnostic nuclear medicine have been reviewed (Weinstein 
1987, Caride 1985), Applications of the current particles 
5 in diagnostic imaging are as carriers of radiological con- 
trast agents. 

Delivery of oxygen can be achieved by the preparation 
of ah oxygen carrier, such as the heme group in hemoglobu- 
lin or similar protein, in a cubic phase. Cubic phases in 

10 the system hemoglobulin-GMO-water have been investigated 
and are formed with high amounts of protein (>5 wt.%). 
Such a system can be used as blood substitute and in 
connection with radiation therapy of cancer. The use of 
polymerizable lipids, in such systems as described above 

15 could be used to enhance stability and shelf-life. 

4.2.1. Transfection technology 

The present invention should also be useful in the 
fields of transfection technology, i.e. the introduction 

20 of foreign nucleic acids into cell types/lines. Particu- 
larly, m view of the currently used liposomal system for 
the use in this field, such as DOPE which is a prominent 
non-lamellar forming lipids in aqueous systems, and the 
fact found by the inventors that the current particles can 

25 be. formed in the GMO/DDAB/water system (see section 
3.1.1.). 

4,2.2* Cell culture 

The invention should also be useful in the field of 

30 cell culture, especially use of the particles as carriers 
of nutrients, such as amino acids, cholesterol, unsatu- 
rated fatty acids, but also as delivery systems for more 
sepcific proteins as immunomodulators , growth factors 
etc., or for the use as diagnostics, biosensor, in immuno- 

35 assays in cell culture. Also in the field of cell hybri- 
doma technology applications are possible. 
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4.3. Other applications 

The present Invention should also be applicable to 
other areas, in particular applications in the area of ' 
biosensors and as catalytic particles or carriers of 
5 catalysts. Other biomedical and biotechnological areas 
include enzyme therapy (as with superoxide dismutase), 
dispersions with magnetic properties, immobilization of 
the particles in gel matrices. These particles can also 
provide sites for mineralization and crysatallization. 

10 Mineralization of a substantial portion of the porespace 
or porewall surface could create microporous particles 
with high chemical and thermal stability, and the use of 
conducting or piezoelectric minerals or crystals could be 
important. The presence of polar groups at the porewall 

15 surface makes these particles particularly well suited for 
mineralization . 

The present invention will also find cosmetic appli- 
cations. Indeed examples of the molecular constituents of 
the particles such as monoglycerides and poloxamers are 

20 frequently encountered in cosmetic preparations. 

A curious phenomena found by the inventors is the 
capability of certain cubic phases, such as those formed 
in the GMO/poloxamer/water systems described above, to 
host fungi and also supply needs for their growth. 

25 Perhaps, most surprisingly the cubic phase maintains its 
characteristics up to several months before phase trans- 
formation takes place. Thus the fungi grow inside the 
cubic phase without perturbing its structure. Therefore, 
the current particles could be utilized as culture 

30 media/machinery for the controlled culture of single, or 
multiple microorganisms. 



35 
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CLAIMS 

1. Particles, especially colloidal particles, comprising 
5 an interior phase of a non-lamellar lyotropic liquid crys- 
talline phase selected from the group consisting of a re- 
versed cubic liquid crystalline phase, a reversed interme- 
diate liquid crystalline phase and a reversed hexagonal 
liquid crystalline phase, or a homogeneous L3 phase, or 
10 any combination thereof, and a surface phase selected from 
the group consisting of a lamellar crystalline phase and a 
lamellar liquid crystalline phase, or an L3 phase, or any 
combination thereof • 

15 2, Particles according to claim 1, wherein the interior 
phase is selected from the group consisting of a reversed 
cubic liquid crystalline phase, a reversed hexagonal 
liquid crystalline phase and a reversed cubic-hexagonal 
liquid crystalline phase and the surface phase is an L3 

20 phase. 

3. Particles according to claim 2, wherein the interior 
phase is a reversed cubic liquid crystalline phase and the 
surface phase is an L3 phase. 

25 

4. Particles according to claim 1, wherein the interior 
phase is selected from the group consisting of a reversed 
cubic liquid crystalline phase, a reversed hexagonal li- 
quid crystalline phase and a reversed ciibic-hexagonal li- 

30 quid crystalline phase and the surface phase is selected 
from the group consisting of a lamellar crystalline phase 
and a lamellar liquid crystalline phase. 

5. Particles according to any one of claims 1-4, which 
35 contain added bio-active agents, or precursors thereof. 

6. Particles according to claim 5, wherein said bio- 

SUBSTHXTTE SHEET 



wo 93/06921 



PCT/SE92/00692 



60 

active agent, or precursor thereof, is selected from the 
group consisting of peptides and proteins, or protein- 
aceous compounds. 

5 7. A method of preparing particles, especially colloidal 
particles, from a homogeneous liquid crystalline phase or 
L3 phase, which comprises forming a homogeneous, non- 
lamellar lyotropic liquid crystalline phase selected from 
the group consisting of a reversed cubic liquid crystal- 

10 line phase, a reversed intermediate liquid crystalline 
phase and a reversed hexagonal liquid crystalline phase, 
or a homogeneous L3 phase, or any combination thereof, 
creating a local dispersible phase, within said homo- 
geneous phase, of a phase selected from the group con- 

15 sisting of a lamellar crystalline phase and a lamellar 
liquid crystalline phase, or an L3 phase, or any combi- 
nation thereof, in the presence of a solvent phase, said 
solvent being of a nature with which said homogeneous 
phase can coexist and wherein said dispersible phase can 

20 be dispersed, and fragmentating said homogeneous phase so 
as to form particles, the interior phase of which com- 
prises said homogeneous phase and the surface phase of 
which comprises said dispersible phase. 

25 8. A method according to claim 7, wherein the local dis- 
persible phase is created by means of at least one frag- 
mentation agent which is an agent of such a nature that 
when combined with said homogeneous phase, or those 
constituents which will form said homogeneous phase, it 

30 creates said dispersible phase. 

9. A method according to claim 8, wherein the fragmenta- 
tion agent is selected from the group consisting of 
iipopolysaccharides, polysaccharides, glycoproteins and 
35 proteins. 
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10. A method according to claim 8, wherein the fragmenta- 
tion agent is selected from the group consisting of amphi- 
philic raacromolecules, lipids, amphiphilic lipid-like 
surfactants and derivatives thereof. 

5 

11. A method according to claim 10, wherein the fragmenta- 
tion agent is an amphiphilic polymer, preferably an amphi- 
philic block copolymer. 

10 12. A method according to claim 10, wherein the fragmenta- 
•tLon agent is selected from the following groups of amphi- 
philic lipids, lipid-like surfactants and derivatives 
thereof: nonionic, preferably polyethyleneoxide surfac- 
tants; anionic; cationic, preferably quaternary ammonium 

15 compounds; zwitterionic, preferably phospholipids; lipid 
derivatives, preferably polyethyleneglycol derivatized 
(phospho) lipids; and glycolipids. 

13. A method according to any one of claims 8-12, where- 
20 in the local dispersible phase is created by a procedure 

according to any one of the following alternatives: 
a) a solution of said fragmentation agent in a polar 
solvent, preferably water, is added to said homogeneous 
phase; 

25 b) a dispersion of said fragmentation agent in a polar 
liquid, preferably water, is added to said homogeneous 
phase; or 

c) said homogeneous phase is fragmentated in a solution of 
said fragmentation agent in a polar solvent, preferably 
30 water. 

14. A method according to any one of claims 7 - 13, where- 
in the particles formed are aftertreated by means of one 
or more of the following procedures: homogenization, 

35 sterilization, stabilization by the addition of polymers 
and freeze drying. 
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15. A method according to any one of claims 7 - 14, where- 
in at least one bioactive agent or a precursor thereof, 
preferably selected from the group consisting of peptides 
and proteins, or proteinaceous compounds, is added at any 
stage of the preparation of said particles. 

16. A pharmaceutical composition comprising particles 
according to any one of claims 1 - 6 or prepared by a 
method according to any one of claism 7-15. 

17. particles according to any one of claims 1 - 6 or as 
prepared by a method according to any one of claims 7 - 15 
for use in a therapeutic treatment or a diagnostic method, 
including the use thereof as an adjuvant, especially for 

15 substained release of the active ingredient(s) . 

18. use of particles according to any one of claims 1-6 
or as prepared by a method according to any one of claims 
7-15, for the manufacture of a medical preparation for 

20 use as an antig^-presenting system, as a colloidal drug 
delivery system as carrier of nutrients for parenteral 
delivery of nutrition, as a colloidal delivery system for 
anticancer drugs or as a colloidal delivery system for 
antifungal and antimicrobial drugs. 



25 



30 



35 



19. use according to claim 18 of said particles for the 
manufacture of a preparation for the treatment of cancer 
or AIDS. 

20. Use of particles according to any one of claims 1-6 
or as prepared by a method according to any one of claims 
7-15, for non-medical technology as carriers of nucleic 
acids or nucleotides. 

21. Use of particles according to any one of claims 1-6 
or as prepared by a method according to any one of claims 
7 _ 15^ for non-medical technology as carriers in cell 
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culture techniques, in immunoassay techniques, in immobi- 
lization techniques or for the grovrth of single crystals 
of proteins or inorganic substances, 

5 22. Use Of particles according to any one of claims 1-6 
or as prepared by a method according to any one of claims 
7 - 15, in biosensor applications or as radiation tracers. 

10 
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